###### Strengths and limitations of this study

-   This study constructed clustered metabolic risk by summing sex-specific standardised values for waist circumference, fasting triacylglycerol, fasting plasma glucose, systolic blood pressure and the inverse of high-density lipoprotein cholesterol.

-   The study has a relatively large sample size of 17 750 participants, all of whom are community-managed patients with type 2 diabetes in China.

-   The study investigated physical activity in different domains and sedentary time and their associations with metabolic risk factors.

-   The limitation of this study was that information regarding physical activity and sedentary time was collected through the use of a self-reporting questionnaire.

Introduction {#s1}
============

The clustering of metabolic risk factors for cardiovascular disease and type 2 diabetes mellitus is known as metabolic syndrome.[@R1] Based on the National Cholesterol Education Program definition,[@R2] metabolic syndrome is a rapidly growing epidemic in China. A meta-analysis estimated that the pooled prevalence of metabolic syndrome in mainland China was 24.5 %,[@R3] but was 55.7% among patients with type 2 diabetes.[@R4] Individuals with metabolic syndrome were found to be at an increased risk of developing diabetes, cardiovascular disease and all-cause mortality.[@R5] This increasing prevalence among Chinese populations and its severe health consequences has led to a call for prevention and maintenance strategies, and the improvement of metabolic health in one of the largest populations in the world.

Physical activity has long been considered as a key factor in the prevention and management of metabolic risk factors.[@R8] A number of studies have investigated the association between physical activity and glycaemic control,[@R9] lipid profile[@R10] and clustered metabolic risk.[@R11] Most emphasised the value of assessing overall physical activity or leisure-time physical activity,[@R9] but few have focused on other domains of physical activity (eg, occupational, household or commuting).[@R13] Information on different domains of physical activity may be crucial for Chinese people since they have been found to have quite different patterns of physical activity compared with their Western counterparts. For example, it has been reported that occupational and household activities contribute substantially more to total physical activity than leisure-time or transportation activity.[@R14] Therefore, it is important to examine whether other types of physical activities, such as occupational and commuting physical activity, are associated with metabolic risk among patients with diabetes.

Emerging evidence also suggests that excess sedentary time is positively associated with metabolic risk factors, an effect that is independent of physical activity levels.[@R15] Sedentary behaviours have been defined as any waking behaviour that is in a sitting, reclining or lying down posture, expending little energy (ie, 1.0 to 1.5 metabolic equivalents (METs)).[@R18] Some studies have found that the cellular and molecular responses to sedentary time are different to the beneficial responses to physical activity.[@R19] Therefore, it is essential to explore the effects of physical activity and sedentary time simultaneously, when exploring the associations between physical activity and sedentary time with metabolic risk factors. It is also crucial to elucidate whether this association is independent of sleep duration which might confound results.[@R20]

Furthermore, it has been suggested that using the continuous summary Score of Clustered Metabolic Risk (zMS)[@R11] for analyses may improve the statistical power to detect associations, compared with using a binary definition of dichotomising continuous outcome variables.[@R21] Many studies have focused on the risk of metabolic syndrome in Western populations,[@R9] but the relationship between physical activity and sedentary time with the risk of metabolic syndrome is not well understood among Chinese populations. Although there have been a few studies in diabetic populations, their findings were inconsistent and limited by small sample sizes.[@R10] Therefore, it is interesting to explore the direction and strength of associations between physical activity and sedentary time with clustered metabolic risk factors among the Chinese population.

The objective of this study was to examine the association between total physical activity, physical activity in different domains (ie, occupation, commuting and leisure-time physical activity) and sedentary time with clustered and individual metabolic risk factors among Chinese patients with type 2 diabetes. We hypothesised that physical activity is inversely associated with clustered and individual metabolic risk factors, whereas sedentary time increases such risk.

Methods {#s2}
=======

Participants {#s2-1}
------------

Participants were from the "Comprehensive Research on the Prevention and Control of the Diabetes" project. The method and study design have been previously described.[@R22] Briefly, 29 705 registered diabetic patients, receiving management from National Basic Public Health Service, were recruited from 44 selected townships across two cities in Jiangsu province, China. After excluding non-type 2 diabetic patients, and individuals with poor physical or mental status, a total of 20 340 individuals consented to participate. In our analyses, we further excluded those with missing physical activity or sedentary time values (n=2038), those who reported spending ≥16 hours on daily physical activity (n=67),[@R23] and those with incomplete metabolic risk data (n=198). Finally, there were 17 750 participants included in the analyses.

Assessment of physical activity and sedentary time {#s2-2}
--------------------------------------------------

Information on physical activity and sedentary time was collected using the Global Physical Activity Questionnaire (GPAQ). The validity and reliability of GPAQ has been assessed in Western[@R24] and Asian populations.[@R25] Participants were asked to recall the intensity and duration of occupational, commuting and leisure-time physical activities over the previous weeks.

The intensity of activities was defined as moderate or vigorous by MET.[@R26] Average MET scores were calculated based on specific activities within corresponding categories to estimate activity intensity ([online supplementary table S1](#SP1){ref-type="supplementary-material"}). The number of hours spent per day on each measured activity was multiplied by the corresponding average MET score and the measured activity frequency (days per week). Total physical activity was calculated by adding together the MET-hours for activities related to occupational, commuting and leisure-time domains. The average daily activity was calculated by dividing the weekly amount of physical activities by seven. Participants were also asked about their normal time spent on sedentary activities and sleep (hours/day).
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Clustered metabolic risk score {#s2-3}
------------------------------

We constructed a summary variable (zMS) for clustered metabolic risk[@R11] that was broadly based on the definition proposed by Adult Treatment Panel III.[@R2] This variable was calculated by adding the standardised values for waist circumference, fasting triacylglycerol, fasting plasma glucose, systolic blood pressure and the inverse of high-density lipoprotein cholesterol (HDL-cholesterol). Each of these variables was standardised by subtracting the sex-specific sample means from the individual mean and dividing by the SD. The zMS is a continuous variable with a mean of zero, by definition, with lower scores revealing a more favourable profile.

Assessment of anthropometric, metabolic risk factors {#s2-4}
----------------------------------------------------

Face-to-face questionnaire interviews were also used to collect information on demographic characteristics, medical history, medications, smoking status, alcohol consumption and adult socioeconomic status. The detail of anthropometric measurements have been previously illustrated.[@R27] Blood samples were collected in the morning following overnight fasting. Fasting plasma glucose was assessed using the Hexokinase method. Glycated haemoglobin (HbA1c) was measured in venous samples using high efficiency liquid chromatography. Serum cholesterol, HDL-cholesterol and triacylglycerol were measured enzymatically. All samples were analysed by KingMed Diagnostics (Jiangsu Cultural Industrial Park, Nanjing, China).

Covariate definitions {#s2-5}
---------------------

Covariates included age, sex, education (no formal education, primary, middle, high school or above), smoking status (yes, no), annual household income (\<30 000 RMB, 40 000--100 000 RMB, 110 000--150 000 RMB, \>160 000 RMB), alcohol consumption (never, former, current), diabetes duration, taking medications to lower glucose and lipid or blood pressure (yes, no, unclear). Hypertension was defined as a systolic blood pressure ≥140 mm Hg and/or a diastolic blood pressure ≥90 mm Hg, or a previous hypertension diagnosis in a hospital.[@R28] Dyslipidaemia was defined as having at least one of the following conditions: total cholesterol ≥5.2 mmol/L, fasting blood triglyceride ≥1.7 mmol/L, fasting blood low-density lipoprotein cholesterol ≥3.4 mmol/L, HDL-cholesterol \<0.9 mmol/L for males or \<1.0 mmol/L for females, or previously being diagnosed with hyperlipidaemia in a hospital.[@R29] Sleep duration was assessed by the question, 'How many cumulative hours do you have for sleep on an average day?'

Statistical analyses {#s2-6}
--------------------

Descriptive statistics were conducted separately for men and women using the mean±SD, median (IQR) or frequencies. The χ^2^ test, Student's t-test, one-way analysis of variance and Mann-Whitney U test were used to examine the differences in characteristics between men and women. Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution. Adjusted means and SE of clustered and individual metabolic risk variables were presented to explore the association between physical activity and sedentary time with metabolic risk. Test for trend was based on variables containing median value for each quartiles. Multiple comparisons among groups were performed using a Bonferroni method.

Associations between per 1 SD of total physical activity, different domains of physical activity (occupational, commuting and leisure-time) and sedentary time with total clustered metabolic risk score and individual metabolic risk factors were evaluated using multivariate linear regression. Preliminary checks were conducted to ensure no violation of assumptions of normality, homogeneity of variance and absence of multicollinearity. Four models were fitted: model 1 was unadjusted; model 2 was adjusted for age, sex, education, annual household income, smoking status, drinking and diabetes duration; model 3 was additionally adjusted for remaining physical activity and sedentary time, for each individual domain of physical activity was adjusted for the other physical activity domains and sedentary time as appropriate; model 4 was further adjusted for sleep duration. For models 2 to 4, all subcomponents except zMS and waist circumference were additionally adjusted for waist circumference. When the dependent variable was fasting plasma glucose, we additionally adjusted for the use of glucose-lowering medication. For triacylglycerol and HDL-cholesterol, we adjusted for the diagnosis of dyslipidaemia and use of lipid-lowering medication. When the outcome of interest was systolic blood pressure, we additionally adjusted for the diagnosis of hypertension and use of antihypertensive medication. For zMS we adjusted for the use of glucose-lowering, lipid-lowering or antihypertensive medications, and the diagnosis of dyslipidaemia and hypertension.

To investigate the joint associations of total physical activity and sedentary time with clustered metabolic risk, participants were classified into three and four groups of sex-specific tertiles of physical activity and quartiles of sedentary time, respectively. The adjusted zMS mean was calculated using general linear regression models after adjusting for age. Interactions between the main predictive variables, and sex and age (continuous) were examined by entering the centred interaction terms into multivariate linear regression models to determine whether the association between physical activity and sedentary time with metabolic risk was modified by sex and age.[@R30] In further sensitivity analyses, we also calculated a metabolic syndrome score without the waist circumference in order to examine whether the associations between the main exposures (physical activity and sedentary time) and clustered metabolic risk were mediated by waist circumference.

All statistical analyses were performed using IBM SPSS Statistics standard V.23.0. Statistical significance was set at p\<0.05 for main effects, and p\<0.10 for interactions. Tests were two-sided.

Patient and public involvement statement {#s2-7}
----------------------------------------

Research question development was informed by qualitative interviews, physical examinations and laboratory tests with a purposively selected sample of residents from the National Basic Public Health Services in Jiangsu province. Summary reports about the study results will be disseminated to participants, policy-makers and healthcare workers in the community (village doctors in rural areas or general practitioners in urban areas of China) through mass media, such as local newspapers, the internet, radios or workshops.

Results {#s3}
=======

Demographic and basic characteristics of participants {#s3-1}
-----------------------------------------------------

Of the 17 750 participants included in the analyses, 60.3% were women, and the average age of men and women was 62.6±9.9 and 62.8±9.7 years, respectively ([table 1](#T1){ref-type="table"}). Indices of body mass index, HDL-cholesterol and fasting plasma glucose did not differ significantly (all p\>0.10) between excluded (n=2303) and included participants, but included participants had a slightly higher waist circumference and systolic blood pressure (all p\<0.001) ([online supplementary table S2](#SP2){ref-type="supplementary-material"}) than those who were excluded. Compared with women, men had a higher education level, household income and consumption of alcohol and cigarettes (all p\<0.001). Men also had higher waist circumference, HbA1c, diastolic blood pressure and fasting plasma glucose levels than women (all p\<0.001). In contrast, women had higher HDL-cholesterol, systolic blood pressure and triacylglycerol levels than men (all p\<0.001).
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###### 

Demographic, metabolic characteristics of participants

  characteristic                               Men                     Women                    Total                    P value
  -------------------------------------------- ----------------------- ------------------------ ------------------------ ----------
  N                                            7041                    10 709                   17 750                   
  Age (years)                                  62.6±9.9                62.8±9.7                 62.8±9.8                 0.11
  High school or above (%)                     17.7                    4.5                      9.8                      \<0.001
  Annual income \>¥40 000 (%)                  64.8                    57.0                     60.1                     \<0.001
  Body mass index (kg/m^2^)                    25.3±3.2                25.4±3.6                 25.3±3.4                 0.09
  Waist circumference (cm)                     87.9±9.4                85.5±9.5                 86.4±9.5                 \<0.001
  Systolic blood pressure (mm Hg)              147.3±19.8              148.9±21.1               148.0±20.6               0.002
  Diastolic blood pressure (mm Hg)             83.7±10.7               79.9±10.4                81.4±10.6                \<0.001
  Triacylglycerol (mmol/L)\*                   1.4 (1.0, 2.2)          1.7 (1.2, 2.3)           1.6 (1.1, 2.3)           \<0.001
  HDL-cholesterol (mmol/L)                     1.4±0.4                 1.5±0.4                  1.5±0.4                  \<0.001
  Fasting plasma glucose (mmol/L)\*            8.2 (6.4, 10.2)         8.0 (6.5, 9.9)           8.1 (6.6, 10.0)          \<0.001
  HbA1c (mmol/mol)\*                           56.3 (46.5, 70.5)       55.2 (46.5, 68.3)        55.2 (46.5, 69.4)        \<0.001
  Diabetes duration (years)\*                  5 (2, 9)                5 (2, 9)                 5 (2, 9)                 0.26
  Smoking (%)                                  46.0                    6.2                      22.0                     \<0.001
  Alcohol consumption (%)                                                                                                
   Never                                       49.1                    96.6                     77.7                     \<0.001
   Former                                      10.7                    1.1                      4.9                      \<0.001
   Current                                     40.1                    2.3                      17.4                     \<0.001
  On glucose-lowering medication (%)           78.7                    78.4                     78.5                     0.60
  On lipid-lowering medication (%)             5.8                     5.9                      6.0                      0.005
  On antihypertensive medication (%)           52.7                    53.9                     53.4                     0.002
  Hypertension (%)                             77.5                    76.6                     77.0                     0.16
  Dyslipidaemia (%)                            46.1                    49.3                     48.0                     \<0.001
  Total physical activity (MET hours/day)\*    6.3 (2.3, 14.3)         8.0 (3.4, 16.0)          8.0 (2.9, 15.4)          \<0.001
  Physical activity domains (MET hours/day)†                                                                             
   Occupational                                68.2 (2.9 (0.0, 8.6))   81.9 (5.1 (1.7, 12.0))   76.5 (4.0 (0.6, 12.0))   \<0.001‡
   Commuting                                   59.4 (1.1 (0.0, 1.3))   62.0 (1.0 (0.0, 2.9))    60.1 (1.0 (0.0, 2.9))    \<0.001‡
   Leisure times                               25.6 (3.1 (1.7, 6.0))   19.0 (2.9 (1.5, 5.1))    21.6 (3.0 (1.7, 5.7))    \<0.001‡
  Sedentary time (hours/day)                   3.5±2.5                 3.4±2.6                  3.4±2.5                  \<0.001
  Sleep duration (hours/day)                   7.4±1.6                 7.3±1.7                  7.4±1.7                  \<0.001

P values are from Student's t-test or Mann-Whitney U test for continuous variables and from χ^2^ test for categorical variables.

Data are mean±SD unless stated otherwise.

\*Median (IQR).

†(%) Median (IQR).

‡ P values are from χ^2^ test.

HDL, high-density lipoprotein; HbA1c, glycated haemoglobin; MET, metabolic equivalent.

Differences between sexes were also observed in physical activity, sedentary time and sleep duration. Women had higher total and occupational physical activity than men (all p\<0.001), whereas men had higher sedentary time, sleep duration, commuting and leisure-time physical activity than women (all p\<0.001). The proportion of subjects participating in leisure-time physical activity was 21.6% ([table 1](#T1){ref-type="table"}).

Adjusted means of clustered and individual metabolic variables by physical activity and sedentary time {#s3-2}
------------------------------------------------------------------------------------------------------

There was a tendency towards lower zMS, waist circumference, triacylglycerol and higher HDL-cholesterol at higher levels of total physical activity (p for trend \<0.001) ([table 2](#T2){ref-type="table"}), while individuals with higher zMS, waist circumference, fasting plasma glucose, triacylglycerol and lower HDL-cholesterol were apt to have a higher sedentary time (p for trend \<0.001) ([table 2](#T2){ref-type="table"}).

###### 

Adjusted means (SE) of metabolic variables by quartile of physical activity and sedentary time

  Metabolic risk                        Total physical activity (MET hours/day)   Sedentary time (hours/day)                                                                                                                         
  ------------------------------------- ----------------------------------------- ---------------------------- ----------------- ----------------- --------- ----------------- --------------- ----------------- ------------------- ---------
  zMS\*                                 0.28 (0.04)‡ § ¶                          0.01 (0.04)† ¶               −0.11 (0.05)†     −0.21 (0.04)† ‡   \<0.001   −0.16 (0.03)§ ¶   −0.07 (0.10)¶   0.004 (0.03)† ¶   0.29 (0.04)† ‡ §    \<0.001
  Waist circumference (cm)              87.19 (0.14)‡ § ¶                         86.56 (0.13)† ¶              86.13 (0.16)†     85.76 (0.14)† ‡   \<0.001   85.98 (0.11)¶     86.25 (0.16)    86.57 (0.20)¶     87.30 (0.14)† §     \<0.001
  Fasting plasma glucose (mmol/L)\*\*   2.13 (0.005)§                             2.12 (0.005)§                2.10 (0.005)† §   2.12 (0.005)      0.427     2.11 (0.004)¶     2.10 (0.012)¶   2.12 (0.005)¶     2.14 (0.005)† ‡ §   \<0.001
  Triacylglycerol (mmol/L)\*\*          0.54 (0.008)‡ § ¶                         0.50 (0.008)† ¶              0.48 (0.009)†     0.45 (0.008)† ‡   \<0.001   0.46 (0.006)§ ¶   0.47 (0.021)¶   0.50 (0.008)† ¶   0.54 (0.009)† ‡ §   \<0.001
  HDL-cholesterol (mmol/L)              1.45 (0.01)‡ § ¶                          1.49 (0.01)† ¶               1.50 (0.01)†      1.52 (0.01)† ‡    \<0.001   1.51 (0.01)§ ¶    1.48 (0.01)¶    1.48 (0.01)† ¶    1.46 (0.01)† ‡ §    \<0.001
  Systolic blood pressure (mm Hg)       148.26 (0.30)                             147.91 (0.28)                147.80 (0.34)     148.05 (0.30)     0.651     148.08 (0.23)     147.56 (0.33)   147.87 (0.42)     148.35 (0.30)       0.326

Date are mean (SE) values for each quartile of physical activity and sedentary time, adjusted for age and sex by using general linear regression models. Test for trend based on variable containing median value for each quartiles. Multiple comparison between the groups was performed using Bonferroni method.

\*zMS is a continuously distribute variable for clustered metabolic risk calculated by summing sex-specific standardised values for waist circumference, fasting plasma glucose, triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

†Significantly different compared with quartile 1 (p\< 0.05).

‡Significantly different compared with quartile 2 (p\< 0.05).

§Significantly different compared with quartile 3 (p\< 0.05).

¶Significantly different compared with quartile 4 (p\< 0.05).

\*\*Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.

HDL, high-density lipoprotein; MET, metabolic equivalent; zMS, Score of Clustered Metabolic Risk.

Associations between physical activity and sedentary time with metabolic risk {#s3-3}
-----------------------------------------------------------------------------

Total physical activity was inversely associated with zMS (B=−0.080; 95% CI: −0.114 to −0.046), waist circumference (B=−0.449; 95% CI: −0.591 to −0.308) and triacylglycerol (B=−0.012; 95% CI: −0.019 to −0.006), after adjusting for sedentary time and sleep duration. In contrast, the SD for physical activity was marginally positively associated with HDL-cholesterol (B=0.009; 95% CI: 0.003 to 0.015). No significant associations were found between total physical activity with fasting plasma glucose (B=0.004; 95% CI: −0.001 to 0.008) and systolic blood pressure (B=−0.096; 95% CI: −0.346 to 0.155) ([table 3](#T3){ref-type="table"}).

###### 

Cross-sectional linear regression analysis of association of physical activity and sedentary time with metabolic variables

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Metabolic risk                     Physical activity (per SD)\*      Sedentary time\                                                                                     
                                                                       (per SD)\*                                                                                          
  ---------------------------------- --------------------------------- --------------------------------- -------------------------------- -------------------------------- -------------------------------
  zMS†                                                                                                                                                                     

   Model 1                           −0.147 (−0.187, −0.108)\*\*\*     −0.132 (−0.171, --0.093)\*\*\*    −0.047 (−0.086, --0.007)§        −0.068 (−0.107, --0.029)\*\*     0.188 (0.148, 0.227)\*\*\*

   Model 2                           −0.091 (−0.126, −0.057)\*\*\*     −0.077 (−0.111, --0.042)\*\*\*    −0.013 (−0.047, 0.021)           −0.044 (−0.078, --0.010)§        0.128 (0.094, 0.162)\*\*\*

   Model 3                           −0.080 (--0.115, --0.046)\*\*\*   −0.066 (--0.101, --0.031)\*\*\*   −0.011 (--0.045, 0.022)          −0.042 (--0.076,--0.008)§        0.121 (0.087, 0.155)\*\*\*

   Model 4                           −0.080 (--0.114, --0.046)\*\*\*   −0.066 (--0.101, --0.031)\*\*\*   −0.011 (--0.045, 0.023)          −0.041 (--0.075,--0.007)§        0.117 (0.083, 0.151)\*\*\*

  Waist circumference (cm)                                                                                                                                                 

   Model 1                           −0.552 (--0.692, --0.412)\*\*\*   −0.625 (--0.765,--0.485)\*\*\*    0.096 (--0.044, 0.237)           −0.026 (--0.167, 0.114)          0.575 (0.435, 0.715)\*\*\*

   Model 2                           −0.495 (--0.635, --0.355)\*\*\*   −0.519 (--0.661,--0.376)\*\*\*    0.021 (--0.118, 0.161)           −0.051 (--0.191, 0.089)          0.525 (0.386, 0.663)\*\*\*

   Model 3                           −0.450 (−0.591, -0.309)\*\*\*     −0.475 (−0.618,--0.332)\*\*\*     0.028 (−0.112, 0.167)            −0.042 (−0.182, 0.098)           0.483 (0.344, 0.623)\*\*\*

   Model 4                           −0.449 (−0.591, −0.308)\*\*\*     −0.475 (−0.620,--0.334)\*\*\*     0.030 (−0.109, 0.170)            −0.039 (−0.179, 0.102)           0.474 (0.334, 0.613)\*\*\*

  Fasting plasma glucose (mmol/L)§                                                                                                                                         

   Model 1                           0.005 (0.000, 0.010)              0.007 (0.002, 0.012)\*\*          −0.005 (−0.010, 0.000)           −0.001 (−0.006, 0.004)           0.011 (0.006, 0.016)\*\*\*

   Model 2                           0.003 (−0.002, 0.007)             0.005 (−0.001, 0.009)             −0.001 (−0.005, 0.004)           −0.002 (−0.007, 0.002)           0.008 (0.004, 0.013)\*\*\*

   Model 3                           0.004 (−0.001, 0.008)             0.005 (−0.001, 0.010)             −0.001 (−0.005, 0.004)           −0.002 (−0.007, 0.003)           0.009 (0.004, 0.013)\*\*\*

   Model 4                           0.004 (−0.001, 0.008)             0.005 (−0.001, 0.009)             −0.001 (−0.005, 0.004)           −0.002 (−0.006, 0.003)           0.008 (0.003, 0.013)\*\*\*

  Triacylglycerol (mmol/L)§                                                                                                                                                

   Model 1                           −0.022 (−0.030, −0.013)\*\*\*     −0.017 (--0.025, --0.009)\*\*     −0.015 (−0.024, --0.007)\*\*\*   −0.020 (−0.019, --0.003)\*\*     0.031 (0.023, 0.039)\*\*\*

   Model 2                           −0.014 (−0.021, −0.007)\*\*\*     −0.009 (−0.015, --0.002)§         −0.012 (−0.019, --0.005)\*\*\*   −0.007 (−0.014, --0.001)§        0.017 (0.010, 0.024)\*\*\*

   Model 3                           −0.012 (−0.019, −0.006)\*\*\*     −0.007 (−0.014, --0.001)§         −0.012 (−0.019, --0.005)\*\*\*   −0.006 (−0.013, 0.001)           0.016 (0.009, 0.023)\*\*\*

   Model 4                           −0.012 (−0.019, -0.006)\*\*\*     −0.007 (−0.014, --0.001)§         −0.012 (−0.019, --0.005)\*\*\*   −0.006(−0.013, 0.001)            0.015 (0.008, 0.022)\*\*\*

  HDL-cholesterol (mmol/L)                                                                                                                                                 

   Model 1                           0.015 (0.009, 0.022)\*\*\*        0.016 (0.009, 0.022)\*\*          0.002 (−0.005, 0.008)            0.003 (−0.004, 0.009)            −0.019 (−0.025, −0.012)\*\*\*

   Model 2                           0.010 (0.004, 0.016)\*\*\*        0.007 (0.001, 0.013)§             0.003 (−0.003, 0.009)            0.007 (−0.001, 0.013)            −0.008 (−0.014, -0.002)§

   Model 3                           0.009 (0.003, 0.015)\*\*\*        0.006 (0.001, 0.013)§             0.003 (−0.003, 0.009)            0.007 (−0.001, 0.013)            −0.007 (−0.013, -0.001)§

   Model 4                           0.009 (0.003, 0.015)\*\*\*        0.006 (0.001, 0.013)§             0.003 (−0.003, 0.009)            0.007 (−0.001, 0.013)            −0.007 (-0.013, −0.001)§

  Systolic blood pressure (mm Hg)                                                                                                                                          

   Model 1                           −0.907 (−1.209, −0.604)\*\*\*     −0.625 (−0.928, -0.322)\*\*\*     −0.549 (−0.852, --0.246)\*\*\*   −0.871 (−1.174, --0.568)\*\*\*   0.340 (0.037, 0.643)§

   Model 2                           −0.110 (−0.359, 0.139)            0.065 (−0.187, 0.317)             −0.212 (−0.459, 0.034)           −0.300 (−0.548, --0.052)§        0.224 (−0.022, 0.470)

   Model 3                           −0.091 (−0.341, 0.159)            0.084 (−0.169, 0.337)             −0.210 (−0.456, 0.037)           −0.296 (−0.544, --0.048)§        0.216 (−0.031, 0.462)

   Model 4                           −0.096 (−0.346, 0.155)            0.081 (−0.173, 0.334)             −0.219 (−0.466, 0.028)           −0.293 (−0.542, --0.045)§        0.215 (−0.033, 0.462)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Regression results are presented as unstandardised coefficients (B) (95% CI).

All models (except model 1) are adjusted for age, sex, education, annual household income, smoking status, alcohol consumption and diabetes duration. All outcomes except zMS and waist circumference are additionally adjusted for waist circumference. Fasting plasma glucose is additional adjusted for the use of glucose-lowering medication (yes/no); triacylglycerol and HDL-cholesterol are additionally adjusted for the diagnosis of dyslipidaemia (yes/no) and the use of lipid-lowing drugs (yes/no/unclear); systolic blood pressure is additionally adjusted for the diagnosis of hypertension(yes/no) and the use of antihypertension medication (yes/no/unclear); and zMS is additional adjusted for the use of glucose-lowering medication (yes/no), lipid-lowing medication (yes/no/unclear) and antihypertension medication (yes/no/unclear), the diagnosis of dyslipidaemia (yes/no) and the diagnosis of hypertension(yes/no).

Model 3 is adjusted for remaining physical activity and sedentary time as appropriate; model 4 is additional adjusted for sleep duration.

\*Per-SD of physical activity=13.8 MET hours/day, per SD of occupational physical activity=12.6 MET hours/day, per SD of commuting physical activity=3.2 MET hours/day, per SD of leisure-time physical activity=3.4 MET hours/day, per SD sedentary time=2.5 hours/day.

†zMS is a continuously distribute variable for clustered metabolic risk calculated by summing sex-specific standardised values for waist circumference, fasting plasma glucose, triacylglycerol, systolic blood pressure and the inverse of HDL-cholesterol.

‡Fasting plasma glucose and triacylglycerol were logarithmically transformed (base e) due to their skewed distribution.

§P＜0.05; \*\*P＜0.01; \*\*\*P＜0.001.

HDL, high-density lipoprotein; MET, metabolic equivalent; zMS, Score of Clustered Metabolic Risk.

In adjusted analyses, occupational physical activity was associated with zMS (B=−0.066; 95% CI: −0.101 to −0.031), waist circumference (B=−0.475; 95% CI: −0.620 to −0.334), triacylglycerol (B=−0.007; 95% CI: −0.014 to −0.001) and HDL-cholesterol (B=0.006; 95% CI: 0.001 to 0.013), but not with fasting plasma glucose (B=0.005; 95% CI: −0.001 to 0.009) and systolic blood pressure (B=0.081; 95% CI: −0.173 to 0.334). Commuting physical activity was only inversely associated with triacylglycerol (B=−0.012; 95% CI: −0.019 to −0.005). Furthermore, leisure-time physical activity was found to be inversely associated with zMS (B=−0.041; 95% CI: −0.075 to −0.007) and systolic blood pressure (B=−0.293; 95% CI: −0.542 to −0.045), but not with waist circumference, fasting plasma glucose or triacylglycerol (all p\>0.05) ([table 3](#T3){ref-type="table"}).

Different from that of physical activity, sedentary time was strongly positively associated with zMS (B=0.117; 95% CI: 0.083 to 0.151) and waist circumference (B=0.474; 95% CI: 0.334 to 0.613), after adjustment for physical activity and sleep duration. Furthermore, sedentary time was found to be weakly associated with fasting plasma glucose (B=0.008; 95% CI: 0.003 to 0.013), triacylglycerol levels (B=0.015; 95% CI: 0.008 to 0.022) and HDL-cholesterol (B=−0.007; 95% CI: -0.013 to -0.001). No significant association was observed between sedentary time and systolic blood pressure (B=0.215; 95% CI: −0.033 to 0.462) ([table 3](#T3){ref-type="table"}).

Joint association of total physical activity and sedentary time with metabolic risk {#s3-4}
-----------------------------------------------------------------------------------

The joint association of total physical activity and sedentary time with zMS after adjustment for age is illustrated in [figure 1](#F1){ref-type="fig"}. Participants with the lowest level of physical activity or the highest sedentary time were consistently found to have the highest zMS among both sexes. Interaction analyses indicated significant effects among different age groups, where greater associations with sedentary time, total and occupational physical activity for zMS (p for interaction \<0.10) and waist circumference (p for interaction \<0.05) were observed in older age groups. In addition, there was no significant interaction with sex in the results of total physical activity, different domains of physical activity or sedentary time ([online supplementary table S3](#SP3){ref-type="supplementary-material"}). When excluding waist circumference from the zMS and additionally adjusting for waist circumference, the magnitude of association between sedentary time and clustered risk was weaker but remained statistically significant ([online supplementary table S4](#SP4){ref-type="supplementary-material"}).
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![Means of clustered metabolic risk scores by sedentary time and physical activity among 17 750 patients with diabetes. The adjusted mean was calculated using general linear regression models after adjustment for age. For physical activity, in men, the cut-off values for defining low, moderate and high tertile groups were 4.00 and 11.14 MET hours/day, while they were 4.57 and 12.00 MET hours/day for women. For sedentary time, the four groups by quartiles of sedentary time were ＜2.2, 2.3--3.3, 3.4--4.9 and ≥5.0 hours/day for men and ＜2.2, 2.3--3.3, 3.4--4.4 and ≥4.5 hours/day for women.](bmjopen-2018-027906f01){#F1}

Discussion {#s4}
==========

In this cross-sectional study of a large sample-size of individuals with type 2 diabetes in China, we found that total physical activity, occupational physical activity and sedentary time were independently associated with clustered metabolic risk, waist circumference, triacylglycerol levels and HDL-cholesterol. Moreover, leisure-time physical activity was associated with systolic blood pressure and commuting physical activity was inversely associated with triacylglycerol. However, a higher level of sedentary time was positively associated with higher levels of fasting plasma glucose. Our findings suggest that increasing physical activity across all domains and decreasing amount of time spent sedentarily may have protective effects on reducing metabolic risk.

The finding of an association between total physical activity and clustered metabolic risk in this study is consistent with previous research findings with objective data.[@R11] Importantly, we observed that occupational physical activity reduced the clustered metabolic risk in patients with type 2 diabetes. Occupational physical activity is a major source of total physical activity among Chinese and other Asian populations,[@R14] for example, in this study, 75.8% of diabetic patients reported engaging in occupational physical activity. This suggests that occupational physical activity as a single domain may be important in the management of metabolic risk among Chinese or, perhaps more broadly, Asian populations. In a recent study, a trend was observed between lower levels of commuting physical activity and higher metabolic risk.[@R31] Our findings have also suggested that commuting physical activity is inversely associated with triacylglycerol, but there was no statistically significant association observed between commuting physical activity and clustered metabolic risk in this study, similar to the finding of the Japan Epidemiology Collaboration on Occupational Health study.[@R32] This may partly be explained by the low level of commuting physical activity in our study, since 40% of patients reported that they did not engage in commuting physical activity.

Previous studies have also suggested that the associations between physical activity and clustered metabolic risk may be weakened by increasing sedentary time.[@R11] For example, a longitudinal study reported that the association between moderate-to-vigorous physical activity and clustered metabolic risk was attenuated when additionally adjusted for a 6-year change in sedentary time, indicating that focusing solely on physical activity may not be the most effective intervention strategy.[@R33] In this study, we also found that sedentary time was associated with clustered and individual metabolic risk, which is independent of the effect of physical activity. This highlights the importance of not only increasing physical activity levels of patients with type 2 diabetes, but also reducing their sedentary time.

As reported previously, waist circumference is a body fat parameter most closely associated with metabolic syndrome.[@R34] Our findings indicate that total and occupational physical activity are strongly associated with waist circumference. There is growing evidence to suggest that physical activity may support weight loss through regulation of adipokines (adiponectin, leptin, resistin, interleukin-6) which are known to contribute to cardiometabolic health.[@R35] However, the biological mechanisms for associations between sedentary time and waist circumference with metabolic risk are not fully understood. One study has reported that this association can be attenuated once an adiposity component was included in the regression model.[@R36] Our findings suggested that more sedentary time was associated with a higher waist circumference, however, whether central obesity is a cause or a consequence of a sedentary behaviour has not yet been fully elucidated.[@R37] Sedentary time may displace physical activity time, leading to a decrease in energy expenditure and unfavourable weight changes.[@R38] Additional pathways linking sedentary time, waist circumference and metabolic risk include the established associations between major sedentary behaviour (television viewing) and an unhealthy diet.[@R39] In addition, when excluding waist circumference from the clustered metabolic risk score and adjusting for it as a confounding factor, the magnitude of association between physical activity and sedentary time with clustered metabolic risk was attenuated. An alternative explanation is that waist circumference might be an important part of the causal pathway between sedentary time and clustered metabolic risk, but further research is needed. We also found that the relationship between sedentary time with zMS and waist circumference was modified by age. This may be partly due sedentary time increasing with age.[@R40] Older patients may have a higher chance of clustered metabolic risk than younger people based on this age-related increase of sedentary time.

The association between total and individual domains of physical activity with fasting plasma glucose did not reach statistical significance in this study, which is consistent with result from the ProActive Study.[@R12] In contrast, a significant association was found between sedentary time and fasting plasma glucose in our study. The potential mechanism between sedentary time and fasting plasma glucose involves markers of inflammation, insulin resistance and adiposity.[@R41] Obesity has a proven association with the increased risk of developing insulin resistance, and may result in disordered regulation of glucose levels by reducing insulin release.[@R42] Furthermore, another study has suggested that sleep loss can lead to disordered glucose metabolism.[@R43] In our study, we obtained consistent results even after adjusting for sleep duration, suggesting that the relationship between sedentary time and metabolic risk is independent of sleep duration.

In the present analysis, non-significant results between total physical activity, occupational physical activity and sedentary time with systolic blood pressure are consistent with the results from most previous studies,[@R11]Moreover, our study identified a significant inverse association between leisure-time physical activity and systolic blood pressure. Clays *et al* also observed that objectively measured moderate and vigorous leisure-time physical activity, but not occupational physical activity, were inversely associated with systolic blood pressure.[@R44] A further study showed that bouts of high-intensity physical activity elicited greater systolic blood pressure reductions than lower-intensity bouts.[@R45] However, practice recommendations advocating high-intensity physical activity as an antihypertensive therapy is challenging because adverse cardiovascular effects are more likely to occur with vigorous than moderate to low levels of physical exertion,[@R46] especially in patients with type 2 diabetes who have a significantly greater systolic blood pressure response to a given physical activity intensity than that of the healthy population.[@R47] The American Diabetes Association (ADA) recommended that patients with type 2 diabetes should be assessed for conditions that might be associated with risk of cardiovascular disease before undertaking vigorous physical activity.[@R48] Our findings also suggest that patients with type 2 diabetes should comply with ADA recommendations to increase overall physical activity through work, active transport and participation in physical activity, as well as reducing sedentary behaviour to lower metabolic risk.

This study has several strengths. A relatively large sample size (n=17 750) was used to explore the association between physical activity, sedentary time and metabolic risk in a Chinese population. To the best of our knowledge, this is the first study in China that has evaluated physical activity in different domains and sedentary time with metabolic risk factors in patients with type 2 diabetes. Several limitations should also be mentioned. First, as a cross-sectional study, the direction and causality of the associations obtained from this study were restricted to inference. Second, the waist circumference and systolic blood pressure of included participants were slightly higher than those of excluded cases which may reduce the accuracy of the estimation of our results. Third, all participants were recruited from just two areas in Jiangsu province, China, so whether these findings can be generalised to the population at large still needs to be discussed. Finally, a self-reporting questionnaire was used to acquire information on physical activity, so reporting errors may have occurred due to a recall bias. Self-reported measures of physical activity are easier to use but they may have limited validity when compared with objective measures.[@R49] Moreover, the patterns of physical activity and sedentary behaviours may vary between weekdays and weekends, but such variation is hard to obtain through the self-reporting measures used in this study. Further research is needed to explore a more detailed relationship between different patterns of physical activity and sedentary behaviour (specifically comparing weekdays and weekends) with metabolic risk in patients with type 2 diabetes.

Conclusions {#s5}
===========

The findings of this study suggest that total physical activity, physical activity in different domains and sedentary time are associated with clustered and individual metabolic risk factors in community-managed patients with type 2 diabetes. Encouraging patients with type 2 diabetes to increase physical activity in different domains and decrease sedentary time may have protective effects against metabolic risk. Therefore, the findings from this study extend previous cross-sectional evidence of associations between physical activity, sedentary time and metabolic risk in the Chinese population.

Supplementary Material
======================

###### Reviewer comments

###### Author\'s manuscript

The authors thank all participants for their voluntary participation as well as the staff of local Health Bureaus and Centers for Disease Control and Prevention in cities of Changshu and Huai'an for their hard work and assistance during data collection. We would like to thank Editage (www.editage.cn) for English language editing.

YC and JY contributed equally.

**Contributors:** MW and CS designed this study. JY, JS, YQ, CS, YL, LSL, EP, YG, DM, NZ, JZ and MW were responsible for data collection. YC analysed the data and drafted the manuscript. MW, YQ, CS and EP revised the manuscript.

**Funding:** This study was supported by grants from Jiangsu Province Leading Talents and Innovation Team Program (grant numbers K201105), Jiangsu Provincial Fourth "333 Project" (grant numbers BRA201307), National Natural Science Foundation of China (grant numbers 81602919).

**Competing interests:** None declared.

**Patient consent for publication:** Obtained.

**Ethics approval:** The study protocol was approved by the Ethics Board of Jiangsu Provincial Centers for Disease Control and Prevention (reference number: 2013026).

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data availability statement:** Data are available upon reasonable request.
